
Deriving Polarization Properties of Desert-Reflected Solar 

Spectra with PARASOL Data

Introduction

1. Reflected solar radiation from desert is strongly polarized by sand particles.

2. To date, there is no reliable desert surface reflection model to calculate desert reflection matrix.

3. In this study, the PARASOL data are used to retrieve physical properties of desert. These

physical properties are then used in the ADRTM to calculate polarization of desert-reflected

light for the whole solar spectra.
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Why modeling polarized RS from desert?

• Sunlight is strongly polarized by desert surface

• Desert polarization to solar radiation is a strong function of wavelength

• Empirical PDMs from PARASOL data can be obtained only at 3 wavelengths, cannot be 

applied to whole solar spectrum

30% 10% 5% DOP at TOA



Theory for modeling polarized RS from land surface

),(
coscoscos4

)(
)1(),,(

4 yx

vs

specular

Lvs ZZP
n

ffRR



 

)exp(
1

),(
2

22

2 

yx

yx

ZZ
ZZP




sv

sv
xZ





coscos

sincossin






sv

v
yZ





coscos

sinsin




f LR 

22tan yx ZZ 

nOnce we know                          , we can calculate land 

surface reflection matrix elements.



Physical surface model of desert

1-f = 5% quartz-rich polarizer with facets f = 95% Lambert non-polarizer

+

164.0



Refractive index of quartz



Morocco

Desert dust AOD



Desert spectral reflectance
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Comparing model results with satellite data at a 
wavelength of 490 nm and a SZA of 28.77 deg
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Comparing model results with satellite data at a 
wavelength of 490 nm and a SZA of 56.94 deg
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Comparing model results with satellite data at a 
wavelength of 670 nm and a SZA of 28.77 deg
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Comparing model results with satellite data at a 
wavelength of 670 nm and a SZA of 56.94 deg
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Comparing model results with satellite data at a 
wavelength of 865 nm and a SZA of 28.77 deg
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Comparing model results with satellite data at a 
wavelength of 865 nm and a SZA of 56.94 deg
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Model results at a wavelength of 320 nm
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Next: Snow/Ice Land

Using the same algorithm as for desert, we may derive the polarization properties of light reflected by 
snow/ice land with PARASOL measurements and solar spectral reflectance from other sources …

Solar spectral reflectance in this process can be updated by the CLARREO data in the future.

Refractive index of ice



Next after Next: Vegetation Land

A set of rock forming minerals and vegetation reflectance 

spectral measured from 400 to 2500 nm in the solar 

reflected light spectrum (NASA/JPL AVIRIS)

Using the same algorithm as for desert, we may derive the polarization properties of light reflected by 
vegetation land with PARASOL measurements and solar spectral reflectance from other sources …

Solar spectral reflectance in this process can be updated by the CLARREO data in the future.

Leaf refractive index by Variational
Kramers-kronig Analysis (Chen and 
Weng, 2012)

Broad leaf DOP can be ~70% for 
Wavelength < 865 nm

non-photosynthetic vegetation



Summary

1. An algorithm for deriving spectral polarization state of sunlight from desert is developed.

2. PARASOL data at 3 polarized channels are used in estimating desert surface physical

properties.

3. Using the physical properties of desert surface, polarization state of radiation from desert

at any solar wavelength and incident and viewing geometries can be obtained with the

ADRTM.

4. ~80% of the Earth surface (Ocean and Desert) polarization spectra can be modeled now.

5. Modeling for the polarization state of solar radiation from snow/ice and vegetation surface

is under study.

Reference:

Wenbo Sun, Rosemary R. Baize, Constantine Lukashin, and Yongxiang Hu, “Deriving Polarization 
Properties of Desert-Reflected Solar Spectra with PARASOL Data”, Atmos. Chem. Phys. (Submitted)


